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Abstract 

Electrostatic  sensitivity  tests  were  conducted  on  M52A3B1  primers  using  an  electrostatic 
discharge  (ESD)  gun  to  simulate  human  static  discharge.  The  data  were  analysed  by  the 
Bruceton,  probit,  logit  and  AMCR  techniques.  The  no-fire  threshold  (NFT)  for 
electrostatic  discharge  was  determined. 
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Electrostatic  Testing  Of  M52A3B1 

Primers 


1.  Introduction 

There  is  considerable  concern  within  the  Australian  Defence  Force  (ADF) 
regarding  the  inadvertent  initiation  of  electroexplosive  devices  (EED’s).  To 
address  the  specific  problem  of  electrostatic  initiation,  MRL  has  commenced  a 
task  the  aim  of  which  is  to  recommend  a  structured  electrostatic  discharge 
protection  policy.  One  of  the  milestones  for  this  task  requires  the  correlation  of  the 
DC  and  electrostatic  sensitivities  of  EED's. 

The  DC  sensitivity  of  an  EED  is  the  more  readily  available  parameter  [1,  2]. 

Until  recently  there  was  no  suitable  method  available  for  testing  EED 
vulnerability  to  human  static  discharge.  The  US  uses  the  25  kV  test  [3]  for 
assessing  electrostatic  sensitivity  but  this  lest  does  not  give  an  indication  of  the 
0.1  %  function  level  or  of  the  no-fire  threshold,  nor  does  the  test  circuitry 
accurately  reproduce  worst-case  human  discharge.  We  have  adequately 
reproduced  human  static  discharge  by  using  a  commercially  available  electrostatic 
simulator  (the  KeyTek  ESD-1). 

Here  we  will  describe  the  results  of  sensitivity  tests  which  were  conducted  on 
M52A3B1  conducting  composition  primers.  These  primers  are  used  in  20  mm 
ammunition.  Australian  weapon  systems  employing  this  ammunition  are  the 
Phalanx  Close-In  Weapon  System  (CIWS)  as  well  as  the  F111C  and  F/A-18A 
aircraft  cannon.  The  purpose  of  these  tests  was  to  determine  the  electrostatic  no¬ 
fire  threshold  voltage  and  energy  for  the  primer.  It  would  then  be  possible  to 
compare  the  electrostatic  NFT  energy  with  the  NFT  energy  for  DC  discharge. 


2.3  Materials 


2.  Experimental 


The  M52A3B1  primers  were  provided  by  the  Royal  Australian  Navy.  The  primers 
provided  had  been  filled  into  cartridge  cases  -  see  Figure  1.  The  projectiles  and 
propellant  had  been  removed  from  the  cartridge  cases.  The  M52A3B1  primer 
contains  a  combined  priming  and  conducting  mix  which  is  based  on  lead 
styphnate  and  acetylene  black. 


Figure  1:  M52A3B1  primer  and  associated  cartridge  case.  (Inert  primer  and  bored 
case). 


2.2  Apparatus 

2.2.1  ESD  Simulator  and  Accessories 

A  KcyTek  ESD-1  simulator  was  used  in  conjunction  with  a  DN-10  discharge 
network,  a  HT-10  hand  adapter  and  a  DT-4  tool  Lip  (Figure  2).  Ground  return  to 
the  ESD-1  was  provided  by  a  GCL-1  lead.  The  HT-10,  DT-4  and  DN-10 
combination  realistically  simulates  human  static  discharge  via  a  hand-held  metal 
tool.  This  combination  of  hand  and  metal  tool  is  widely  considered  to  be  a  worst- 
case  situation  [4].  The  ESD-1  was  powered  by  a  KeyTek  PSC-1  supply  (the  base  of 


figure  2:  KcijTck  ESD-1  electrostatic  discharge  simulator. 


2.2.2  Mechanical  Apparatus 

Tin  primer  unit  cartridge  case  were  contained  in  a  brooch  assembly  as  indicated  in 
Figure  T  I  In'  breve  h  assembly  was  mounted  on  the  motorised  turntable  ns  is 
deputed  :n  Figure  4  The  elec  trode  making  electrical  contact  vvilh  the  primer  pole 
piece  (Figure  5)  .vas  gold-plated  to  prevent  corrosion  during  discharge.  This  gold- 
plated  electrode  made  contact  with  the  pole  piece  via  a  cross-cut  spring  prohe  and 
receptacle.  The  prohe  and  receptacle  were  from  RS  components  and  could  ho 
replaced  if  they  suffered  damage  from  the  explosion  of  the  primer.  I  he  turntable 
'start'  position  v\as  55  mm  from  the  'slop'  position,  as  measured  on  the  turntable 
periphery.  When  the  turntable  reached  the  'slop'  position,  a  microswiU  h  was 
at  tivated  to  stop  the  turntable  drive  motor  The  approach  speed  cl  the  olccln  do 
to  the  DT  I  tip  v  ould  he  varied  by  i  hanging  the  voltage  setting  of  the  power 
supply  The  same  voltage  setting  of  10  V  was  used  and  at  this  setting  the  approach 
speed  was  found  to  lie  in  the  range  2  8  mm/s  to  2.9  inm/s  Tile  test  configuration 
is  depii  led  III  Figure  f>. 
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2  2.3  l  lri -I mints 


Tlu’  discharge  pulse  through  the  gold-plated  electrode  was  monitored  by  a 
Tektronix  CT-2  current  transformei  whbh  lias  a  pulse  riselime  of  about  0.5  ns  and 
an  insertion  impedance  of  about  0.04  12  shunted  by  5  fill.  1  be  output  from  the  CT-2 
was  relayed  to  a  Tektroiux  TEK  7844  oscilloscope  (Figure  7)  via  u  Tektronix  No. 
011-0059-02  attenuator,  rated  at  50  12  and  2  W.  This  attenuator  reduced  the  output 
voltage  of  the  CT-2  by  a  factor  of  ten. 

The  TEK  7844  oscilloscope  utilised  the  7A19  vertical  amplifier.  The  vertical 
bandwidth  for  this  amplifier-oscilloscope  combination  is  400  MHz  with  a  risetiino 
of  0.9  ns.  The  oscilloscope  trace  was  captured  by  a  Tektronix  C-51  camera  using 
Polaro.d  667  ASA  3000  film.  A  Tektronix  writing  speed  enhancer  (WSEN)  was 
also  used  to  pre-fog  the  film  before  discharge. 

The  entire  discharge  assembly  was  enclosed  by  a  safety  cabinet  with 
polycarbonate  doors  (Figure  8).  The  frnng  cabinet  was  lined  with  earthed 
aluminium  foil  to  prevent  inadvertent  elec  tromagnetic  pickup  of  the  spark 
discharge  by  the  oscilloscope.  The  firing  cabinet  was  Linked  to  an  electrically 
operated  exhaust  system  (Figure  9) 


figure  7:  TEK  7844  oscilloscope  and  C-51  camera 
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f  igure  8:  Sojety  firing  box  with  foil  shielding 


Figure  9:  Close  up  of  exhaust  vent  in  the  firing  bo  v 


2.2  4  Resistance  Measurements 


Primer  resistances  were  measured  prior  to  the  ESD  tests  by  means  of  a  Valhalla 
Scientific  4314AN  Digital  igniter  Tester.  Measurements  were  conducted  behind  a 
safety  screen. 


2.3  Firing  Procedure 

An  initial  measurement  was  made  of  the  primer  resistance  before  the  cartridge 
case  was  inserted  into  the  breech  block  (see  section  2-2  4).  After  the  cartridge  case 
was  inserted  into  the  breech  block  a  second  resistance  measurement  was  made 
between  the  outer  surface  of  the  breech  block  and  the  gold-plated  electrode.  This 
second  measurement  was  performed  to  lest  for  electrical  continuity. 

Upon  activation,  the  turntable  brought  the  gold-plated  electrode  to  a  distance  of 
1  mm  from  the  DT-i  discharge  electrode.  System  alignment  was  checked  at  this 
point.  The  turntable  was  returned  to  the  siartuig  position  The  ESD-1  was 
energised  and  the  firing  box  shut.  The  turntable  was  then  activated  again  and  it 
moved  the  gold-plated  electrode  to  the  discharge  position.  The  discharge  gap 
increased  with  increasing  discharge  voltage. 

All  the  firings  we-e  conducted  within  the  firing  cabinet.  In  the  event  of  a  'no-fire' 
the  primer  was  disposed  of  by  firing  at  an  elevated  voltage.  This  voltage  was 
generally  15  kV.  The  exhaust  system  was  used  to  thoroughly  clear  the  firing 
cabinet  of  fumes  after  each  firing 


2.4  Bruccton  15]  Procedure 

Primers  were  fired  at  2  kilovolt  intervals.  An  estimate  was  first  made  of  the  50% 
function  level  A  primer  was  then  subjected  to  this  voltage.  If  the  primer  fired 
then  further  primers  wore  tested  at  successively  lower  voltages  until  a  iio-fire' 
occurred.  If  a  ' no-1  ire'  occurred  primers  wore  tested  at  successively  higher 
voltages  until  a  'fire'  was  recorded.  This  procedure  was  repeated  in  an  'up  down' 
fashion  for  20  shots 


2.5  Rundown  Procedure 

Th<  ■  rundown  lest  consisted  of  firing  separate  lots  of  primers  at  pre-assigned 
voltages.  The  voltage  mUrvat  was  estimated  from  the  Bruccton  results.  A  record 
was  made  of  the  number  of  'fires'  as  veil  as  'no-fires'  which  on  urred  in  each  lot. 
This  information  was  then  used  to  estimate  distribution  parameters.  The  data 
were  assessed  either  by  the  probit  (5,6)  method,  the  AMCR  [7]  method,  or  hv  the 
logit  method  [6],  1  lie  logit  method  is  similar  to  tile  probil  method  lull  uses  j 
logistic  function  instead  of  a  normal  distribution  function. 
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Probits 


3.  Results  and  Discussion 


3.1  Bruceton  Procedure 

The  results  of  the  Brucellin  firings  are  listed  in  Table  1.  Statistical  analysis  was 
conducted  by  means  of  a  program  written  by  one  of  the  authors  [8],  The  analysis 
indicated  that  the  50  %  function  level  was  8.8  kV.  The  log  mean  and  standard 
deviation  were  3.5581  and  0.1410,  respectively.  The  Bruceton  procedure  had  been 
conducted  m  terms  of  constant  voltage  increments.  The  Bruceton  analysis  was 
conducted  on  the  assumption  that  the  voltage  sensitivities  were  log-normally 
distributed. 


3.2  Rundown  Procedure 

The  firing  data  from  the  rundown  procedure  are  tabulated  in  Tables  2  b>  10.  These 
data  were  analysed  by  using  software  packages  written  at  MRL.  (9,10]  As 
indicated  m  fable  5  and  Table  6,  additional  firings  were  conducted  at  a  voltage  of 
4.1  kV.  These  additional  firings  improved  the  probil  and  logit  fits 


3.2.1  Probit  Analysis 

A  probil  analysis  of  the  results  was  undertaken  by  means  of  the  software  in  [9], 
The  logarithm  of  the  voltage  was  used  as  the  random  variable.  Figure  10  is  a  plot 
of  the  logarithms  of  the  voltages  against  the  empirical  prohils  for  this  analysis.  A 
straight  line  fit  to  the  data  is  possible.  Tire  results  of  the  analysis  may  he  found  in 
Table  1 1.  The  important  results  are  that  the  0.1  %  fum  turn  level  and  no-fire 
threshold  estimates  are  1142  V  and  799  V,  respectively.  By  assuming,  that  all  the 
energy  stored  in  the  discharge  network's  idpuntor  is  released  into  the  primer,  it  is 
possible  to  estimate  the  0.1%  FL  and  NFT  energies  as  98  gj  and  4X  pj  tespcelivch 


L  ag  V 

Figure  70;  Plot  of  log  voltages  against  empirical  probits.  The  straight  line  is  the  probit 
regression  tine. 
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3.2.2  AMCR  Analysis 

Tln>  AMCR  analysis  was  condiu  led  by  humus  of  lilt’  software  developed  in  (9) 
The  AMCR  analysis  indicated  a  nu’an  of  6.04  kV  with  a  standard  deviation  of 
2. mi  kV.  If  those  values  are  taken  as  approximations  to  the  population  mean  and 
standard  deviation  then  the  0.1%  function  level  is  -0.27  kV.  This  result  is  clearly 
physically  impossible. 


3.2.3  Logit  Analysis 

A  logit  analysis  of  the  results  was  conducted  using  software  written  by  one  of  the 
authors  [10],  The  logarithm  of  the  voltage  was  used  as  the  random  variable.  A 
plot  of  logarithmic  voltage  against  empirical  logit  is  displayed  in  Figure  11.  The 
0.1  %  function  level  estimate  was  781  V  Assuming  that  the  0  1%  FL  is  normally 
distributed,  the  NFF  was  calculated  as  477  V  (95%  single-sided  confidence 
interval)  The  0.1  %  FL  and  NFT  energies  were  therefore  46  pi  and  17  pi. 
respectively 


Log  V 

figure  1 1:  Plot  of  log  voltages  against  enipirieal  logits  The  straight  line  v  the  logil 
regression  line 


3.2.4  (..7/ i-sijiiari'ii  Test 

Clu-sc|uared  analyses  were  umducled  on  the  probil  and  logit  results,  l  or  the  piobil 
anahsis  a  clii-sqtiarcd  \alue  of  x^  -  .1.948  was  found.  This  value  is  exiooded  in  41% 
of i ases 
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A  probit  lint1  which  gives  a  chi-.st|uarcd  viiluc  corresponding  to  a  percentage  less 
than  5%  is  considered  a  poor  fit  and  is  not  the  true  relationship  between 
percentage  fired  and  (ioganllunic)  voltage  [5).  We  conclude  that  the  probil  line 
relating  the  logarithms  of  the  voltages  to  the  empirical  proluts  is  a  good  fit 
Similarly,  an  analysis  was  conducted  of  the  logit  results.  The  chi-sejuared  value 
was  x2  =  3.62  which  is  exceeded  in  46%  of  cases.  This  high  percentage  indicates 
that  the  logit  line  is  also  a  good  fit  to  the  observed  firing  data. 


3.3  Comparison  of  Test  Methods 

In  the  probit  analysis  of  section  3.2.1  it  was  assumed  that  the  logarithms  of  the 
voltage  sensitivities  were  normally  distributed.  This  was  also  assumed  for  the 
Bruceton  analysis.  The  Brureton  method  was  useful  for  obtaining  rough  estimates 
of  the  50%  fire  level  and  the  level  spacing.  Those  initial  estimates  wore  used  as  a 
basis  for  the  rundown  procedure. 

There  is  no  reason  for  favouring  the  results  of  either  the  logit  or  the  prohit  tests 
on  the  basis  of  the  chi-squared  analyses.  There  is  obviously  a  discrepancy  between 
the  two  methods  with  respect  to  the  determined  0  1  %  fuia  lion  levels  and  no-fire 
thresholds.  This  discrepancy  is  unavoidable  because,  although  both  the  probil  and 
logit  methods  provide  a  good  fit  to  the  observed  data,  the  threshold  voltage 
values  are  obtained  by  extrapolation  1  his  extrapolation  t  routes  umerlumlv  in  the 
0.1%  FL  and  NFT  determinations. 


3.4  Comparison  with  DC  Firing  Levels 

In  set  bens  3.2.1  anJ  3.2  3  the  NF1  energy  (0.1  %  FL,  V5%  confidence  interval)  was 
estimated  as  48  pj  and  17  jij,  respci lively.  The  NFT  for  DC  initiation  (0.1  %  FL, 
V5%  confidence  interval)  is  quoted  in  |1 1 )  as  2.2  pj  and  m  [1  2]  as  3  (ij , 

1  lowever,  it  must  be  remembered  that  no  ,n  <  omit  has  been  taken  of  the  offot  Is 
of  the  series  resistance  of  the  discharge  network.  Some  of  the  available  enorgv  of 
tin1  storage  caput  ilor  will  be  dissipated  by  this  resistant  reducing  the  energy 
disi  barge J  into  the  primer  The  magnitude  of  this  lost  energy  is  a  fum  lion  of  iho 
primer  resistance  and  ihis  is  expet  led  h>  vary  after  disi  barge  commences  and 
prior  to  initiation.  Some  of  the  available  energy  is  also  dissipated  in  the  spark 
resistant  c. 


3.5  Analysis  of  CKO  Traces 

Representative  photographs  of  lile  CRO  tr.u  es  ntav  he  found  111  Figure  12  From 
analysis  of  the  CRO  traces  it  was  found  llial  the  pulse  width  was  less  than  about 
U.  1  ms  wlut  h  is  less  than  0.1  times  the  thermal  time  1 1 instant  of  the  M52A3B1 
primer  ( 160  fls  (1  I  j).  I  his  means  w  e  are  justified  in  using  the  energv  (rather  than 
the  power)  to  t  huracierise  these  primers.  ( I  he  thermal  linn •  i  oust  ml  t  haras  lerises 
the  temperature  rise  of  the  LLL)  on  npjiluulinn  of  an  clot  In.  al  stimulus). 


(I’) 

ligure  12:  Rcpfsentatur  photographs  of  CRO  traces  Tlw  resistances  are  the  printer 
resistances  measured  before  insertion  of  the  cartridge  ease  in  the  breech  block  The 
voltages  are  the  test  voltages  (a)  Resistance  =  20.4  kit.  Voltage  =  1  kV. 

(b)  Resistance  =  22.3  kit.  Voltage  =  2.6  kV.  (c)  Resistance  -  27.5  kit. 

Voltage  -  3.4  kV.  ( d)  Resistance  -  6.5  kit.  Voltage  =  4.2  kV 

(c)  Resistance  -  57  5  kit.  Voltage  -  5.8  kV.  (fj  Resistance  -  30.3  kit. 

Voltage  -  7.4  k  l'.  (g)  Resistance  =  23.2  kit  Voltage  =  9  kV. 

(h)  Resistance  -  15.4  kit.  Voltage  •=  10  0  k  V 
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Figure  12  (Coutil):  Representative  photographs  of  CRO  traces  The  resistances  arc  the 
primer  resistances  measured  before  insertion  of  the  cartridge  ease  in  the  breech  Mock.  The 
voltages  are  the  test  voltages,  (a)  Resistance  -  20.4  kil.  Voltage  -  I  kV. 

(h)  Resistance  =  22.3  kil.  Voltage  =  2.6  kV  (cj  Resistance  =  2~.~>  kil 
Voltage  -  3.4  kV.  (d)  Resistance  -  6.5  kil.  Voltage  -  4  2  kV. 

(e)  Resistance  =  57.5  JcQ  Voltage  =  5.8  kV.  (f)  Resistance  -  30  8  kil. 

Voltage  -  7.4  kV.  (g)  Resistance  =  23-2  kil.  Voltage  =  9  kV. 

(h)  Resistance  -  15. 4  kil.  Voltage  =  70. 6  kV. 


(e) 


(0 


Figure  12  (Couth):  Representative  photographs  of  CRO  traces.  The  resistances  arc  the 
primer  resistances  measured  before  insertion  of  the  cartridge  case  in  the  breech  block.  The 
voltages  arc  the  lest  voltages,  (a)  Resistance  -  20.4  kQ.  Voltage  =  I  kV. 

(b)  Resistance  =  22.3  kil.  Voltage  -  26  kV.  (c)  Resistance  -  27.5  kQ. 

Voltage  =  3  4  kV  (J)  Resistance  =  6.5  kil.  Voltage  ~  4.2  kV 

(c)  Resistance  =  57.5  kil.  Voltage  =  5.8  kV  (f)  Resistance  =  30.8  Hi. 

Voltage  =  7.4  kV.  (g)  Resistance  -  23  2  kil.  Voltage  =  9  kV. 

(h)  Resistance  =  15.4  kil.  Voltage  =  10.6  kV. 
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F igure  12  (Could):  Representative  photographs  of  CRO  traces.  The  resistances  arc  the 
primer  resistances  measured  before  insertion  of  the  cartridge  ease  in  the  breech  block  The 
voltages  are  tiic  test  voltages  ( a )  Resistance  =  20.4  k Q.  Voltage  =  1  kV 

(b)  Resistance  =  22.3  HI.  Voltage  =  2.6  kV.  (c)  Resistance  =  27.5  kQ. 

Voltage  =  3.4  kV.  (d)  Resistance  -  6.5  kil.  Voltage  =  4.2  kV. 

(c)  Resistance  =  57.5  kQ.  Voltage  -  5.8  kV  (f)  Resistance  =  30 .8  kQ. 

Voltage  -7.4kV.  (g)  Resistance  ~  23.2  kQ  Voltage  -  9  kV. 

(h)  Resistance  ~  15.4  kQ.  Voltage  =  30.6  kV. 


4.  Conclusions  and  Recommendations 


Wc  have  successfully  concluded  a  series  of  firings  and  analyses  to  determine  the 
electrostatic  discharge  characteristics  of  the  M52A3B1  primer.  The  Bruceton, 
probit,  logit  and  AMCR  methods  have  been  used  to  analyse  the  data.  The  probit 
and  logit  analyses  yielded  the  most  realistic  results  and  the  results  of  those 
analyses  will  be  quoted  here.  The  emphasis  has  been  on  safety.  The  probit  analysis 
predicts  that  the  voltage  0  1  %  function  level  estimate  and  no-fire  threshold  (using 
a  single-sided  95 %  confidence  interval)  are  1142  V  and  799  V  respectively  The 
corresponding  values  for  the  logit  analysis  are  781  V  and  477  V.  The  0.1%  FL  and 
NFT  energy  were  estimated  as  98  jiJ  and  48  pj  by  probit  analysis.  The 
corresponding  values  for  the  logit  analysis  arc  46  pj  and  17  pj  By  comparison  the 
NFT  for  DC  initiation  has  been  quoted  as  2.2  pj  or  5  pj. 

We  have,  however,  taken  no  account  of  the  scries  resistance  of  the  discharge 
network  in  determining  the  energy  input  to  the  primer.  Taking  this  into  account 
would  reduce  the  obtained  NFT  values.  It  would  be  useful  if  the  voltage  across 
the  primer  could  be  measured  directly  as  a  function  of  time.  Even  without  a 
precise  knowledge  of  the  energy  input  to  the  primer,  the  results  obtained  in  this 
work  are  useful  in  determining  the  hazard  level  of  the  M52A3B1  primer  (in  terms 
of  discharge  voltage).  This  is  because  the  data  in  this  report  have  been  obtained 
from  a  simulator  which  replicates  actual  human  discharge.  Further,  this  discharge 
bus  been  designer*  to  reproduce  what  is  considered  a  worst-case  scenario 
involving  discharge  from  a  hand-held  metal  object. 

It  would  also  be  useful  if  future  work  could  be  conducted  to  elucidate  the  effects 
of  factors  such  as  temperature,  humidity  and  barometric  pressure  on  the 
discharge. 

Another  important  factor  is  the  approach  speed  of  the  electrode  bearing  the 
electrostatic  charge.  It  has  been  shown  (13]  that  a  correlation  exists  between 
electrode  approach  speed  and  the  rising  slope  of  the  discharge  pulse  I  I  s 
phenomenon  requires  further  investigation  m  the  context  of  this  work.  1  is 
relevant  because,  in  practice,  there  will  be  a  variation  in  the  approach  sp  >ed  of  e  g. 
a  person's  hand  to  the  ordnance  under  ESD  threat. 

The  different  values  obtained  for  the  0.1%  FLand  NFT  w  hen  they  are  calculated 
by  different  methods  is  also  a  problem  that  requires  further  investigation. 
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Table  1:  Results  of  Bt  nectar,  firi  rigs  for  M52A331  pi  inters 
Ti-mpi-ralui  >■:  33  C.  Kol.ilivi'  Humidity:  37% 


Shot  No 

PiuliiT  Rosistaiii  o 

(kU) 

Rij*  Rusislcinw 

tkU)  * 

I  <.'mI  VolUij’r 
(kV) 

Ro.su  ll 

i 

1(1.84 

5 

NF 

■> 

57.7 

67.0 

7 

NF 

3 

21.1 

21  6 

F 

4 

29  8 

28  4 

7 

F 

5 

16.2 

16  1 

5 

NF 

b 

77.2 

77.3 

7 

F 

7 

113 

113 

5 

F 

8 

20.1 

20.5 

3 

NF 

9 

2.1 

2.3 

5 

t 

10 

34  9 

33  7 

3 

NF 

11 

41  5 

27  7 

3 

F 

12 

425 

41  0 

3 

F 

1.5 

4  8 

4  8 

i 

NF 

14 

18  0 

178 

3 

NF 

15 

49.t> 

-IN  5 

5 

F 

In 

28  ? 

28  3 

3 

F 

17 

1(1  3 

10  1 

i 

NF 

18 

23  1 

23  5 

3 

NF 

19 

.33  1 

32  7 

3 

F 

20 

20  0 

30  1 

3 

NF 

Table  2:  Ramiou'i;  test  V=l.0kV 

Fust  2  shots:  Ti  Dipor.ituro:  32  5"C,  Relative  humidity:  52%. 
Other  shots:  JVmper.ilun':  29"C,  Relative  luimiditv  52*.. 


SK'i  N\> 

PnmiT  RusisUmo* 

Ml) 

Rij’  Ri'sistuiuv 

Ml)  * 

Result 

1 

In  1 

15.9 

NF 

: 

19  4 

19  3 

NF 

3 

14  1 

132 

NF 

4 

14  6 

14.3 

NF 

3 

33  3 

35  2 

NF 

N 

13  2 

13  2 

NF 

7 

13  1 

128 

NF 

K 

204 

17  6 

NF 

w 

10  5 

10  4 

NF 

10 

53.9 

33  8 

NF 

1 1 

1 1  8 

H  7 

NF 

12 

8  3 

7  2 

NF 

13 

13  2 

5  3 

NF 

14 

10  1 

9  ii 

NF 

15 

8  8 

77 

NF 

in 

(1  V 

fl  (> 

NF 

17 

23  6 

217 

NF 

18 

16  .3 

11.8 

NF 

19 

24  9 

25.0 

NF 

20 

24  0 

150 

NF 

24 


1  tiblc  3:  Rmitli'irn  tc^t  t  2-0  k!' 


1  i-mpoi.iUinv  '2.5  X".  Ki'l-iliu- luimulils  52 **.. . 


Shot  No. 

Primer  Rosistano* 
(kQ) 

Ri^  Resistance 

(ktt)  * 

Result 

i 

10  8 

11  0 

F 

-> 

81  5 

719 

NF 

■X 

17  o 

121 

F 

4 

11  1 

7.8 

NF 

5 

24.7 

2.1.5 

NF 

<s 

.19  9 

19  9 

NF 

7 

r> 

58 

NF 

8 

117 

14.1 

NF 

9 

42.0 

47.7 

NF 

10 

84 

7.9 

NF 

11 

6  7 

5.2 

NF 

12 

18  7 

201 

NF 

1.1 

11  2 

27.1 

NF 

14 

io  o 

26.9 

NF 

15 

22  1 

22  2 

NF 

lo 

54  9 

51.5 

NF 

17 

27  4 

29,6 

NF 

IS 

10  1 

lO.o 

NF 

O' 

190 

20  3 

NF 

2«l 

58  0 

5<v5 

NF 

1  iihli' 4:  Rmi  lrin: 

/<-</  l  =  3.4  kV 

I rmpcr.iUirc:  lO'X 

,  Ri’hilivo  luimidity 

:  29  V 

SN”.  Ni< 

i  n  *- *i  I'osisi.nn v 

R;j»  Resistance 

Result 

o-ui 

(k!2)  • 

1 

Vii) 

\2  ^ 

NF 

2 

?'\S8 

214 

NF 

\ 

52  7 

40  1 

NF 

4 

w.2 

7.u 

NF 

f> 

2(84  5 

151  2 

F 

() 

151 

15! 

NF 

7 

15  0 

14  7 

NF 

,S 

9  1 

9  0 

F 

«•! 

1  o2  K 

1 178 

NF 

10 

1 2  o 

12  5 

NF 

11 

0*2 

18  9 

NF 

12 

112 

12  0 

r 

11 

177 

219 

NF 

14 

27  5 

27  2 

NF 

15 

18  1 

17  9 

NF 

](» 

22  4 

22  1 

NF 

17 

21  0 

20  1 

F 

18 

5.9 

5.7 

NF 

M 

7.4 

7.2 

NF 

20 

1!  9 

11.8 

NF 

25 


labia  5:  Rundown  lest  V  -  4.2  kV  (initial  20  shots) 


Temperature:  29  C,  Relative  humidity:  -10% . 


Shot  No. 

Primer  Resistance 

(Ml) 

Ri>;  Rosistaiu  c 
(kii)  * 

Result 

1 

31.7 

21  4 

Nl- 

2 

tv  5 

t>4 

F 

3 

12  2 

12  7 

F 

4 

21  y 

21  9 

INF 

5 

120  2 

120.2 

F 

n 

28  5 

2  5 

r 

7 

26  8 

■4  0 

F 

s 

28  4 

1.7 

F 

y 

8  2 

2  0 

NF 

10 

8  8 

4  4 

NF 

n 

28  6 

1  8 

F 

12 

12  5 

67 

F 

12 

52  4 

8  0 

F 

14 

14  7 

147 

F 

IS 

15  4 

125 

F 

16 

104 

2  5 

F 

17 

18  2 

2  7 

F 

16 

1 7.9 

7  8 

F 

1*» 

14  6 

21 

NF 

20 

148 

14  8 

F 

Table  0:  Rundown  test  V  =  4  2  kV  (second  lot  oj  20  shots) 


Tom  peril  lure:  72"C, 

Relative  humidity : 

44". 

S!u*(  N\i 

Pfiiiior  RosisLint  r 

P.1,*  Pobistaiu »' 

IVmiIi 

ikm 

(Ul)* 

i 

54 

5  2 

r 

■» 

15  1 

15  1 

NF 

5  0 

5  0 

NF 

i 

104 

19  4 

F 

5 

15  7 

15-4 

F 

7.4 

7  2 

F 

~ 

19  2 

18  9 

F 

15  1 

15  2 

NF 

2570 

u 

F 

10 

96 

7y 

F 

11 

20  0 

20  0 

NF 

12 

12  2 

12  4 

Nl 

11 

1<>2  5 

16.7  1 

F 

14 

24  9 

24  9 

NF 

15 

61  5 

61.5 

NF 

16 

104 

10  4 

NF 

17 

117.0 

117  8 

F 

18 

96 

97 

NF 

14 

40  2 

401 

F 

70 

15.0 

12  2 

NF 

26 


I  ill'll'  7:  Rundown  lest  V'  =  5.8  kV 
T 'emporuUiri*:  29  C,  Rcldlivo  liuumlity:  90'. 


SIk.i  N\> 

PrmuT  RoMstiiiur 

l  kil) 

Islj*  I’t-MsUUii  r 

(Hi)  ‘ 

ll.sull 

1 

14  0 

14  4 

1' 

o 

HU 

10  2 

1- 

3 

11  8 

11  7 

I' 

A 

10  o 

0.0 

Nl 

? 

84 

8.5 

NF 

o 

4  1 

1(1 

r 

7 

1(..9 

0.0 

8 

8 

10  0 

0.0 

5 

9 

286.0 

2610 

NF 

10 

19.9 

1  0 

F 

11 

20  0 

20  Q 

r 

12 

1.1  2 

17  0 

F 

1.1 

17  5 

A  5 

F 

14 

lo 

5.0 

F 

15 

57  5 

10 

F 

lo 

21  1 

0  0 

1 

17 

18? 

3  7 

F 

18 

22.3 

1  4 

F 

I1/ 

124 

0.0 

NF 

20 

18  0 

1  5 

NF 

Table  8;  Rwulou'ii  test  l’  =  7.4  kV 

For  the  fi r >1  8  shuts:  Tempi’rdluro:  29  C,  Rol.iU\  <■  humidity:  40‘*» 

For  the  other  shots-  Tempordturv:  77'  C,  Rildliw  humidity:  70".. 

Shvt  Nn 

Prinu'r  I’csisl.ini  t* 

Rij*(  f\  sisl.ir.i «* 

FVsuF 

(W2) 

tkW>  ■ 

i 

5-1  8 

l'  l‘ 

F 

2 

10  9 

2  2 

i 

3 

18  1 

i:  8 

f 

1(8,0 

l->5  4 

i 

5 

7  3 

7  0 

(■■ 

<7 

1 5  (' 

1  i  n 

NF 

7 

30.  X 

2  1 

I 

8 

•44  9 

Ah  3 

F 

9 

9.8 

7  1 

I 

10 

8.7 

,H  7 

NF 

1! 

115 

7  i  1 

i: 

1? 

9  h 

*•/  “l 

i 

U 

120 

10  9 

T 

14 

189 

H‘  4 

F 

15 

41  8 

-43  3 

1 

In 

t>  5 

i-  1 

F 

17 

2  7 

:  n 

F 

18 

3.2 

3.3 

1 

19 

17  2 

17  7 

F; 

20 

19  2 

19  5 

F 

27 


Table  9:  Runtioton  test  V  =  9.0  kV 


Temperature:  33°C,  Relative  humidity  'UV 


Shot  No 

IVimei  Resistance 

(k«) 

is.  1^4  Resistance 

<kU)* 

Result 

17  7 

16  7 

Nl 

2 

17.6 

16  6 

3 

y  y 

10  2 

4 

4y  i 

478 

5 

18.6 

1.8.9 

1 

6 

7  2 

7.2 

7 

88.0 

84  8 

« 

17  2 

172 

r 

9 

216 

22  y 

10 

6  6 

6  7 

i 

1 1 

12  6 

12.6 

12 

2.1  2 

21  4 

i.i 

12  4 

12  2 

14 

23  2 

22.5 

18 

216 

23.5 

i 

16 

8  4 

8  1 

17 

1  8  6 

177 

i 

18 

44  7 

41  7 

i 

iy 

27  1 

27  1 

i 

20 

18  1 

1  1  >. 

i 

Tiible  10:  Rm 

ulOiOH  /c’s/  V'  =  J  u  6  a  l' 

Temperature: 

I.V'C,  Relative  huniklitv 

- 10".. 

Shut  No 

I’riricr  KvsiM.incv 

i\i^  Resistance 

Result 

(kii; 

0.12;  * 

1 

52  7 

52  n 

i 

2 

x  j 

s  2 

4 

144  0 

s 

12  7 

17  1 

i 

6 

ISO 

18  7 

i 

7 

10  0 

70  1 

8 

<i8  (I 

61  7 

y 

1 1  y 

1  1  9 

10 

26  1 

23  S 

1 1 

9  1 

6  2 

i 

12 

18  4 

19  7 

i 

11 

1 66  1 

Inn  7 

i 

l-i 

18  4 

1  8  4 

1 

19 

177 

178 

i 

16 

10  7 

lOo 

1 

17 

1  1  8 

12  1 

i 

18 

24  4 

21  8 

i 

IV 

29  7 

70  8 

20 

1  S 

7  2 

*  The  ri^  resistance  was  measured  after  the  cartridge  case  was  inserted  into  the  breech 
block  See  seehon  2  3  ft »r  details 
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Table  11:  Protnt  analysis  results  assuming  the  voltage  sensitiviti/  is  Icg-nonnally 
distributed 


Logarithmic  Voltage  Mi. 

3  t.20 

Logarithmic  Voltage  Standard  Deviation 

0  182 

Voltage  0.1%  Function  Level  Estimate 

1142  V 

Voltage  No  Fire  Threshold  Estimate  (0  1  %,  95%  Confidence) 

799  V 

Table  12:  Logit  analysis  results  assuming  the  voltage  sensitivity  is  log-logisticcily 
distributed 


Logarithmic  Voltage  Moan 

3  61o 

Logarithmic  Voltage  Standard  Deviation 

1 

0  190 

7X1  V 

Vull.ijv  No-Fm*  Thrr^hold  F%tim«iir  (i>  1  '«•, 11  Ccninli'iu  >■) 

.'77  V 
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